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A METHOD TO INCREASE THE COUPLING RATIO OF WORD LINE TO 
FLOATING GATE BY LATERAL COUPLING IN STACKED-GATE FLASH 



BACKGROUND OF THE INVENTION 



(1) Field of the Invent 



ion 



The present invention relates to the manufacturing of 
semiconductor memories, and rn particular, directed to a 
stacted-gate flash memory having a shallow tren ch isolation 
»ith a high step and high lateral coupling and to a method 

of forming the same. 

(2) Description of the Related Art 

One of the thrusts in trying to gain programming and 
erase speeds in stacked-gate flash memories is to increase 
the coupling ratios. Thinner inter-poly oxides can indeed 
support higher coupling ratios between the word line and the 
floating gate, however, data retention becomes a concern due 
to leakages. Furthermore, word line voltages have been 
increased to increase programming and erase speeds. But, 
without the supporting larger area, which is provided in 
this invention, the situation has exacerbated the well-known 
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problem of junction break-down. It is shown later in the 
embodiments of this invention that larger area can be 
achieved between the word line and the floating .gate by 
advantageously introducing a step-up in the shallow trench 
isolation in a stacked-gate flash memory cell. 

The importance of data retention capacity and the 
coupling ratio in a memory cell has been well recognized 
since the advent of the one-transistor cell memory cell with 
one capacitor. Over the years, many variations of this 
simple cell have been advanced for the purposes of shrinking 
the size of the cell and, at the same time, improving its 
performance. The variations consist of different methods of 
forming capacitors, with single, double or triple layers of 
polysilicon, and different materials for the word and bit 
lines . 

Memory devices include electrically erasable and 
electrically programmable read-only memories (EEPROMs) of 
flash' electrically erasable and electrically programmable 
read-only memories (flash EEPROMs ) . Generally, flash EE PROM 
cells having both functions of electrical programming and 
erasing may be classified into two categories, namely, a 
stack-gate structure and a stacked-gate structure. A 
conventional stack-gate type cell is shown in Fig. 1 where, 
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as is well known, tunnel oxide film (120), a floating gate 
(130), an znterpoly insulating film (140) and a control gate 
(150) are sequentially stacked on a silicon substrate (100) 
between a drain region (113) and a source region (115) 
separated by channel region (117). Substrate (100) and 
channel region (117) are of a first conductivity type, and 
the first (113) and second (115) doped regions are of a 
second conductivity type that is opposite the first 
conductivity type. 

The programming and erasing of an EE PROM is 
accomplished electrically and in-circuit by using Fowler- 
Nordheim (F-N) tunneling mentioned above. Basically, a 
sufficiently high voltage is applied to control gate (150) 
and drain (113) while source (115) is grounded to create a 
flow of electrons in channel region (117) in substrate 
(100) . Some of these electrons gain enough energy to 
transfer from the substrate to control gate (150) through 
thin gate oxide layer (120) by means of (F-N) tunneling. The 
tunneling is achieved by raising the voltage level on 
control gate (150) to a sufficiently high value of about 12 
volts. As the electronic charge builds up on floating gate 
(130), the electric field is reduced, which reduces the 
electron flow. When, finally, the high voltage is removed, 
floating gate (130) remains charged to a value larger than 



TSMC98-201 




the threshold voltage of a logic high that would turn it on. 
Thus, even when a logic high is applied to the control gate, 
the EE PROM remains off. Since tunneling process is 
reversible, floating gate (130) can be erased by grounding 
control gate (150) and raising the drain voltage, thereby 
causing the stored charge on the floating gate to flow back 
to the substrate. Of importance in the tunneling region is 
the quality and the thinness of the tunneling oxide 
separating the floating gate from the substrate. 

The thicknesses of the various portions of the oxide 
layers on the stacked-gate side (between the control gate 
and the source) and the stacked-side (between the floating 
gate and the drain) of the memory cell of Fig. lb play an 
important role in determining such parameters as current 
consumption, coupling ratio and the memory erase-write 
speed, especially in an environment where feature sizes in 
advanced integrated circuits are being scaled down at a 
rapid rate. In prior art, various methods have been 
developed to address these parameters. For example, EPROMs 
having a trench-like coupling capacitors have been disclosed 
to address the shrinking area of the gate electrodes, and 
hence the capacitive coupling ratio between the floating 
gate and control gates on a conventional prior art EPROM. 
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In US Patent 5,480,821, Chang discloses a method of 
fabricating source-coupling, stacked-gate, virtual ground 
flash EEPRGM array where a polyl floating gate of a cell is 
formed over a first portion of a channel region in the 
substrate and is separated from the channel region by a 
layer of floating gate oxide. Each floating gate includes a 
tunneling arm that extends over the cell's source line and 
is separated therefrom by thin tunnel oxide. A poly2 word 
line is formed over the floating gates of the storage cells 
in each row of the array. The poly2 word line is separated 
from the underlying floating gate by a layer of 
oxide/nitride/oxide ONO. The word lines run perpendicular 
to the buried n+ bit lines and extend over a second portion 
of the channel region of each cell in the row to define the 
internal access transistor of the cell. The word line is 
separated from the second portion of the channel region by 
the ONO layer. Chang also discloses the same flash EE PROM 
array in US Patent 5,412,238 as well as a method for 
programming the same in US Patent 5,644,532. 

Hong, also discloses a stepped floating gate EE PROM 
device in US Patent 5,569,945 with a high coupling ratio. 
The fabrication comprises forming a dielectric layer on a 
substrate and a sacrificial structure on portions of the 
dielectric layer, forming a first polysilicon layer over the 
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sacrificial structure and other exposed surfaces of the 
device, patterning the first polysilicon layer and the 
dielectric layer by masking and etching to form a stepped 
electrode structure partially upon the sacrificial structure 
and partially upon the other exposed surfaces of the 
device, applying ion implantation into the substrate outside 
of the area covered by the stepped electrode structure, 
removing the sacrificial layer from the surface of the 
substrate and from beneath the stepped electrode structure, 
forming a second layer of dielectric material on the exposed 
surfaces of the stepped electrode structure and the 
substrate, and forming a second polysilicon layer over and 
under overhanging portions the second layer of dielectric 
material and the substrate. 

Sato discloses a nonvolatile semiconductor memory 
device in which the overlap area of the control gate 
electrode and the floating gate electrode is increased 
without increasing the area of the memory cell, and a method 
of producing the same in US Patent 5,686,333. 

Acoceila, et al., in US Patent 5, 643,813 show 
improved packing density as well as improved performance and 
higher manufacturing yields by confining floating gate 
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structures between isolation structures covered with a thin 
nitride layer. 

In the present invention, a method to increase the 
coupling ratio of word line to floating gate is disclosed. 
This is accomplished by providing a step-up in the shallow 
trench isolation in a stacked-gate flash memory cell without 
any increase in the lateral dimensions of the cell. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to 
provide a method of forming a stacked-gate flash memory 
having an increased coupling ratio between the word line and 
the floating gate. 

It is still another object of this invention to 
provide a method of forming a stacked-gate flash memory 
having a shallow trench isolation with a high-step in order 
to increase the lateral coupling between the word line and 
the floating gate. 

It is an overall object of this invention to provide 
a stacked-gate flash memory cell having a shallow trench 
isolation with a high-step, reduced size, and increased 
coupling between the control gate and the floating gate of 
the cell. 



7 



TSMC98-231 




coupling between the control gate and the floating gate of 
the cell. 

These objects are accomplished by providing providing 
a semiconductor substrate; forming a pad oxide layer over 
said substrate; forming a high nitride layer over said pad 
oxide layer; forming and patterning a first photoresist 
layer over said first nitride layer to define active regions 
in said substrate; forming a trench in said substrate by 
etching through patterns in said first photoresist layer; 
removing said first photoresist layer; forming a conformal 
lining on the inside walls of said trench; depositing 
isolation oxide inside said trench to form shallow trench 
isolation (STI) with a high-step oxide; performing chemical- 
mechanical polishing of said substrate; removing said 
nitride layer, thus forming openings between said high-steps 
of said STI; removing said pad oxide layer at the bottom of 
said openings between said high-steps of said STI; forming 
sacrificial oxide layer over said substrate; removing said 
sacrificial oxide layer; growing floating gate oxide layer 
over said substrate; forming first polysilicon layer 
conformally filling said openings between said high-steps of 
said STI; forming and patterning a second photoresist layer 
over said substrate to define said first polysilicon layer 
and form floating gate regions in said substrate; etching 
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said first polysilicon layer to form floating gates; 
removing said second photoresist layer; forming interpoly 
oxide over said floating gate; forming a second polysilicon 
layer over said interpoly oxide layer; forming and 
patterning a third photoresist layer over said interpoly 
oxide layer to define control gate and word line; etching 
through said patterning in third potoresist layer to form 
said word line; removing said third photoresist layer; 
forming and patterning a fourth photoresist layer over said 
substrate to define self-aligned source (SAS) regions in 
said substrate; etching said SAS regions; and removing said 
fourth photoresist layer. 

These objects are further accomplished by providing a 
stacked-gate flash memory cell having a trench with a high- 
step oxide; a conformal layer lining the inside walls of 
said trench; an opening adjacent to said trench with a high- 
step oxide; a first polysilicon layer conformally lining 
said opening including high-step oxide of said trench to 
form a floating gate; an 0N0 layer covering said substrate 
including walls of said floating gate lining said opening; a 
second polysilicon layer covering said 0N0 layer to form a 
control gate; and a self-aligned source (SAS) line. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a cross-sectional view of a conventional 
stacked-gate type memory cell of prior art. 

Fig. 2a is a top view of a substrate showing regions 
of shallow trench isolation (STI), according to the present 
invention. Fig. 



Fig. 2b is a cross-sectional view of substrate of 
Fig. 2a showing the forming of STI in the substrate through 
a layer of nitride, oxide lining on the walls of the STI and 
the isolation oxide that is deposited into the STI, 
according to this invention. 



Fig. 2c is a cross-sectional view of the substrate of 
Fig. 2a showing the forming of the floating gate and the 
interpoly oxide, according to this invention. 

Fig. 2d is a top view of the substrate of Fig. 2c 
showing the relative positions of the floating gates with 
respect to the control gates of this invention. 
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Fig. 2e is a cross-sectional view of the substrate of 
Fig. 2e showing the forming of the second polysilicon layer 
to be formed as the control gate of this invention. 

Fig. 2f is a cross-sectional view of the substrate of 
Fig. 2e showing the forming of a stacked-gate memory cell, 
according to this invention. 

Fig. 3a is a top view of a substrate showing regions 
of shallow trench isolation (STI), according to the 
preferred embodiment of this invention. 

Fig. 3b is a cross-sectional view of substrate of 
Fig. 3a showing the forming of STI in the substrate through 
a layer of a thick layer of nitride, oxide lining on the 
walls of the STI , isolation oxide deposited into the STI, 
and a high-step oxide protruding above the STI of this 
invention. 

Fig. 3c is a cross-sectional view of the substrate of 
Fig. 3b showing the conformal forming of the floating gate 
about the high-step oxide of this invention, and the 
interpoly oxide formed over the contours of the floating 
gate of this invention. 
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Fig. 3d is a top view of the substrate of Fig. 3c 
showing the relative positions of the floating gates with 
respect to the control gates of this invention. 

Fig. 3e is a cross-sectional view of the substrate of 
Fig. 3d showing the forming of the second polysilicon layer 
to be formed as the control gate of this invention. 

Fig. 3f is a top view of the substrate of Fig. 3e 
showing the forming of a common source line in the SAS 
region, according to this invention. 

Fig. 3g is a cross-sectional view of the substrate of 
Fig. 3f showing the forming of a stacked-gate memory cell of 
this invention having an extra area that is available due to 
the higher or "folding" sidewalls of the floating gate 
formed against the high-step oxide protruding over the STI, 
without an increase in the lateral dimensions of the memory 
cell of this invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to the drawings, specifically to Figs. 
Figs. 3a-3g, there is shown a preferred method of forming a 
stacked-gate flash memory having a shallow trench isolation 
(STI) with a high-step of oxide and high lateral coupling. 
Figs. 2a-2f show the present state of manufacturing a 
stacked-gate flash memory cell. It will be apparent that 
the stacked-gate of Figs. 2a-2f lack the high-step oxide of 
the preferred embodiment as claimed later. 

Fig. 2a shows top view of a semiconductor substrate 
(100) where trenches (105) are to be formed. A cross- 
sectional view of a trench (130) is shown in Fig. 2b. 
First, a layer of pad oxide (110), better seen in the cross- 
sectional view, is formed over the substrate. Pad oxide 
layer may be formed by using chemical CVD Si0 2 , or grown 
thermally. 

Next, normally a 100-200 nanometer (nm) thick layer 
of nitride (120) is formed over the pad oxide to serve as an 
oxidation mask. Usually, nitride is formed by reacting 
dichlorosiiane (SiCl 2 H 2 ) with ammonia (NH 3 ) in an LPCVD at a 
pressure between about .25 to 1.0 torr, temperature between 
about 650 to 750 °C and at flow rates between about 80 to 
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120 sera. It will be disclosed later in the preferred 
embodiment that the nitride thickness that is taught here is 
much higher or thicker than what is normally used in prior 
art . 



The active regions are next defined with a 
photolithographic step and field regions grown, as is well 
known in the art. A photoresist pattern is normally used to 
protect all areas on which active devices will later be 
formed. The nitride layer is then dry etched, and the pad 
oxide may be etched by means of either a dry-or wet-chemical 
process. The etching is further carried into the substrate 
to form the shallow trench (130) that is shown in Fig. 2b. 
The photoresist layer is next removed by oxygen plasma 
ashing and then the inside walls of trench (130) is lined 
with an oxide by thermal growth. Subsequently, the trench 
is filled with isolation oxide (150), thus forming shallow 
trench isolation (STI) as shown in Fig. 2b. Next, the 
substrate is subjected to chemical-mechanical polishing 
(CMP) after which the nitride layer is removed. The removal 
of nitride layer can be accomplished in a high-density- 
plasma (HDP) etcher with etch recipe comprising gases 0 2 , 
S0 2 , CF 4 and He at flow rates between about 10 to 250, 10 to 
80, 0 to 50 seem and 40 to 80 seem, respectively. The pad 
oxide layer (110) underlying nitride layer (120) is also 



TSMC98-2: 



removed by using either a dry- or -wet etch, thus leaving 
apertures or openings in between the isolation oxide "caps" 
(150) that protrude above the STI (130) . 

i Next, floating gate oxide layer (160) is grown over 

the substrate, as shown in Fig. 2c. Subsequently, a first 
polysilicon layer (170), later to be formed into a floating 
gate, is deposited over the gate oxide layer. Polysilicon is 
formed through methods including but not limited to Low 
Pressure Chemical Vapor Deposition (LPCVD) methods, Chemical 
Vapor Deposition (CVD) methods and Physical Vapor Deposition 
(PVD) sputtering methods employing suitable silicon source 
materials. The floating gates are next defined by patterning 
a photoresist layer over the polysilicon layer and the 
floating gates formed by etching the first polysilicon layer 
exposed through the patterns in the photoresist layer, after 
which the photoresist layer is removed. 

An interpoly oxide (180) is next formed over the 
floating gate as shown in Fig. 2c, and then a second 
polysilicon layer (190) is formed over the interpoly oxide 
as shown both in the top view of the substrate in Fig. 2d, 
as well as the cross-sectional view, Fig. 2e. Thus, a 
stacked-gate as shown in the cross-sectional view of Fig. 
2f, is formed. 
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The preferred embodiment shown in Figs. 3a-3g differ 
from the present state of the art in that the nitride layer 
used is much higher or thicker than what is conventionally 
practiced. Thus, in Fig. 3a, the top view of substrate 
(100), shows regions (205) where shallow trench isolation 
(STI) are to be formed. First, a layer of pad oxide (210), 
better seen in the cross-sectional view, Fig. 3b, is formed 
over the substrate. Pad oxide layer may be formed by using 
chemical CVD Si0 2 , but it is preferred that it be grown 
thermally at a temperature range between about 850 to 950 
°C, and to a thickness between about 100 to 250 A. 

Next, as a main feature and key aspect of the present 
invention, a relatively high or thick layer of nitride (220) 
is formed over the pad oxide. Preferably, the thickness of 
nitride layer (220) is between about 2000 to 6000 A. It 
will be apparent later that this thick nitride layer will 
provide a high-step above the STI to form a floating gate 
having a high coupling ratio with the control gate to be 
formed. It is preferred that the nitride layer is formed by 
reacting dichlorosilane (SiCl 2 H 2 ) with ammonia (NH 3 ) in an 
LPCVD at a temperature range between about 750 to 850°C. 
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The active regions are next defined with a first 
photolithographic step (not shown) and field regions grown, 
as is conventionally performed. A photoresist mask of a 
thickness between about 0.8 to 1.0 micrometers (um) is 
normally used to protect all areas on which active devices 
will later be formed. The nitride layer is then dry etched, 
preferably using a recipe comprising SF 6 and 0 2 gases and 
the underlying pad oxide is also dry etched using gases 
CHF 3 , CF 4 , 0 2 . The etching is further carried into the 
substrate to form shallow trench (230) that is shown in Fig. 
3b by using a recipe comprising Cl 2 and HBr. 

The first photoresist layer is next removed by oxygen 
plasma ashing and then the inside walls of trench (230) is 
lined with an oxide layer (240) by thermal growth, 
preferably at a temperature between about 850 to 950°C. 
Subsequently, the trench is filled with isolation oxide 
(250), using the method of high density plasma (HDP) 
deposition or LPCVD oxide, thus forming shallow trench 
isolation (STI) as shown in Fig. 3b. Next, the substrate is 
subjected to chemical-mechanical polishing (CMP) . 

It will be noted in Fig. 3b that the oxide step 
height (s) is exceptionally high. This high-step oxide 
preferably has a thickness between about 3000 to 7000 A, 
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which is then reduced to between about 2000 to 6000 A after 
chemical-mechanical polishing. 25 Thus, when, at the next 
step, nitride layer (220) is removed, a deep opening (235) 
is left behind. Nitride removal is accomplished using 
Phosphoric acid, H 3 P0, . Pad oxide layer (210) underlying 
nitride layer (220) is also removed preferably by using wet 
etch, thus leaving openings (235) in between the isolation 
oxide "caps" (250) that protrude above the STI (230) . 

» 

Next, floatincr cai-o <-w-;hq -i 

y y--- vXxae .Layer ^ou) is grown over 

the substrate, at a temperature between about 780 to 900 °c, 
as shown in Fig. 3c. Subsequently, a first polysilicon 
layer (270), to serve as a floating gate, is deposited over 
the substrate. As another key aspect of the present 
invention, first polysilicon layer is conformally deposited 
so as to follow the contours of the openings (235), thus 
providing additional surface to the control gate (290) that 
is to be formed later. In another words, the polysilicon 
should not fill totally the openings (235). This is 
accomplished preferably through a LPCVD method employing 
silane SiH, as a silicon source material at a temperature 
range between about 500 to 650 °C. The floating gates are 
next defined by patterning a second photoresist layer of 
thickness between about 1.0 to 1.2 urn (not shown) over the 
first polysilicon layer and the floating gates formed by 
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etching the first polysilicon layer exposed through the 
patterns in the photoresist layer, after which the 
photoresist layer is removed. 

u . , An interpoly oxide (280) is next formed over the 
contours of the conformal floating gate as shown in Fig. 3c. 
It is preferred that the interpoly oxide comprises 
oxide/nitride/oxide (ONO) formed through methods known in 
the art. Then, a second polysilicon layer (290) is formed 
over the interpoly oxide as shown both in the top view of 
the substrate in Fig. 3d, as well as the cross-sectional 
view, Fig. 3e. A third photoresist layer (not shown) is 
then used to form the control gate and word line (290) shown 
in Fig. 3e. A still another fourth photoresist layer (not 
shown) is used to define the self-aligned source (SAS) to 
form a common source line (200) shown in the top view of 
Fig. 3f. Thus, a stacked-gate as shown in the cross- 
sectional view of Fig. 3g, is formed. 

A comparison of Fig. 3e with Fig. 2e show that the 
lateral coupling between word line of control gate (290) and 
floating gate (270) of the preferred embodiment is stronger, 
by virtue of the additional coupling (300) provided by the 
extra area that is available due to the higher and "folding" 
sidewalls of the floating gate formed against the high-step 
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oxide protruding over the shallow trench isolation trench 
of the present invention. 

It has been dxsclosed in the present invention a 
stacked-gate flash memory cell having a shallow trench 
isolation with a high-step of oxide and high lateral 
coupling. Though numerous details of the disclosed method 
are set forth here, such as a specific height or thickness 
of nitride layer to provide an understanding of the present 
invention, it will be obvious, however, to those skilled in 
the art that these specific details need not be employed to 
practice the present invention. At the same time, it will 
be evident that the same methods may be employed in other 
similar process steps, such as, for example, in shrinking 
cell size further by providing even a higher step for the 
formation of a floating gate with additional lateral area. 

That is to say, while the invention has been 
particularly shown and described with reference to the 
preferred embodiments thereof, it will be understood by 
those skilled in the art that various changes in form and 
details may be made without departing from the spirit and 
scope of the invention. 



What is claimed is: 
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